Left ventricular biplane cineangiography, micromanometry, and endomyocardial biopsies were performed in 27 patients with aortic stenosis (AS) and in 17 patients with aortic insufficiency (AI). Twenty-three patients with AS and 15 with AI were restudied at an intermediate time (18 months after successful valve replacement), and nine patients with AS and six with AI were restudied late (70 and 62 months after surgery). Biopsy samples were evaluated for muscle fiber diameter, percent interstitial fibrosis, and volume fraction of myofibrils. In control biopsy samples obtained from five donor hearts at transplantation, these morphometric variables averaged 21.2 ,jm, 7.0%, and 57.2%, respectively. After surgery, mass determined by cineangiography decreased from 186 to 115 and 94 g/m2 in patients with AS and from 201 to 131 and 93 g/m2 in patients with AI. At the three studies, muscle fiber diameter was 30.9, 28.0, and 28.7 ,um in patients with AS and was 31.4, 27.6, and 26.4 ,um in patients with AI. Percent interstitial fibrosis was 18.2, 25.8, and 13.7% in patients with AS and was 20.4, 23.7, and 19.2% in patients with AI. Left ventricular fibrous content decreased from 34.2 to 29.8 and to 12.7 g/m2 in patients with AS and from 42.1 to 28.9 and to 18.9 g/m2 in patients with AI. Volume fraction of myofibrils was 57.7, 56.8, and 49.0% in patients with AS and was 56.8, 56.6 and 48.8% in patients with AI. Thus, the decrease of muscle mass determined by cineangiography at the intermediate time after valve replacement is mediated by regression of myocardial cellular hypertrophy in patients with AS and AI and in addition by a decrease of fibrous content in patients with AI. Late after surgery, left ventricular fibrous content also decreases in patients with AS. This late decrease associated with minor changes of end-diastolic volume may be important for improvement of increased diastolic myocardial stilfness. Even 6-7 years after valve replacement, incomplete regression of structural abnormalities of left ventricular hypertrophy still exists compared with the normal myocardium. The residually increased relative interstitial fibrosis and the small late postoperative decrease of volume fraction of myofibrils, associated with a prosthesis-related slight left ventricular pressure increase, are at the origin of a persistent systolic overload at the myofibrillar level. (Circulation 1989;79:744-755) Ch hronic pressure or volume overload or both in aortic valve disease is associated with marked left ventricular hypertrophy, evidenced by angiographyl-9 and microscopy.10-14This process of secondary hypertrophy is accompanied invariably by an increase in interstitial connective tissue.10-2,15,16 Correction of the abnormal hemody-
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Methods
Preoperative hemodynamic measurements and left ventricular endomyocardial biopsies were obtained in 27 patients (21 men and six women) with aortic stenosis (group 1) and in 17 patients (14 men and three women) with aortic insufficiency (group 2) between 1977 and 1982.
In group 1, mean age was 52 years (range, 25 -67 years). Twenty patients had practically "pure" aortic stenosis; in 15 of them, a minimal aortic reflux was present. Aortic regurgitant fraction as determined by thermodilution was always less than 0.20 (mean, 0.13). The planimetered mean systolic pressure gradient varied between 45 and 105 mm Hg, and the aortic valve area, which was calculated by the Gorlin formula with the regurgitant volume taken into account, was between 0.3 and 0.8 cm2. The remaining seven patients of group 1 had predominant aortic stenosis. Aortic valve area was always 1 cm2 or less (mean, 0.86 cm2); the mean systolic pressure gradient was between 46 and 107 mm Hg. In group 1 patients, aortic valve area averaged 0.68 cm2 (0.3-1.0 cm2), and the mean systolic pressure gradient averaged 71 mm Hg (45-107 mm Hg). Coronary arteriography was performed in all patients with aortic stenosis. In one patient, there was a 50% stenosis of the left anterior descending coronary artery with no regional contraction abnormalities on the left ventricular cineangiogram.
In group 2, mean age was 43 years (range, 21-63 years). Thirteen patients had "pure" or almost pure aortic insufficiency; in three of them, a small gradient (mean systolic pressure gradient between 6 and 14 mm Hg) was present. Aortic regurgitant fraction varied between 0.47 and 0.80. Four patients of group 2 had predominant aortic insufficiency. Aortic valve area ranged between 1.4 and 2.1 cm2, aortic regurgitant fraction between 0.38 and 0.63. In group 2 patients, aortic regurgitant fraction averaged 0.58 (range, 0.38-0.80). Two patients had mild mitral regurgitation with a regurgitant fraction of 0.25 and 0.26. Coronary arteriography was performed in 14 of the 17 patients and showed no coronary artery disease. The remaining three patients who had no coronary arteriography were 21, 28, and 37 years old.
Twenty-three patients without or with minimal heart disease served as controls (group 3). Mean age was Left ventricular endomyocardial biopsies were performed with the King's College bioptome (Olympus, Tokyo, Japan), which was introduced into the left ventricle through the 11 .5F Brockenbrough catheter (USCI, Billerica, Massachusetts) previously used for the insertion of the tipmanometer catheter. In each patient at each catheterization, 2-3 biopsy samples were obtained from the anterolateral wall of the left ventricle.'3 The biopsy specimens were fixed in glutaraldehyde, embedded in epon, and evaluated by light microscopy in semithin sections.13 Morphometric techniques were used for the quantitative evaluation. From several sections of 2-3 biopsy samples of each catheterization, muscle fiber diameter and relative interstitial fibrosis were determined with a mechanical-optical pen (MOP, Kontron, Zurich, Switzerland). Occasionally, contraction bands and mechanical disruption of tissue structure were seen. Those portions of the biopsy samples were excluded from the analysis. Interstitial space or interstitial nonmuscular tissue was estimated with the point-counting system.11-13,16,24,25 Areas with arterioles and perivascular tissue were excluded. The intersection points of the counting grid overlying interstitial nonmuscular tissue were expressed as percentage of the entire number of evaluated intersection points and were referred to as relative interstitial fibrosis.12,16,26,27 The term "interstitial fibrosis" for this nonmuscular interstitial tissue is somewhat incorrect, but because fibrous tissue is the predominant component of the interstitial space, we13 like others12,16,26,27 have used the term "fibrosis" in this context. Usually, 1,000 intersection points were counted for the estimation of the average interstitial fibrosis in each patient at each catheterization. Previously determined interobserver variability for interstitial fibrosis was 6.2%.'3 The morphometric method has yielded directionally similar results for the quantification of interstitial fibrosis as the determination of hydroxyproline concentration that was used as a marker of connective tissue in the experimental animal. 28 The volume fraction of myofibrils was evaluated at a magnification of 1,000: 1 with oil immersion and phase contrast microscopy. The technique was described previously by one of us (G.M.).29 From four randomly chosen sections of each patient and at least three random test areas from each section, the volume fraction of myofibrils was determined with a counting grid with 36 intersection points. This light microscopic technique has been validated by comparison with the electronmicroscopic method.29 A strong correlation was observed between light microscopic and electronmicroscopic values of volume fraction of myofibrils with a slight overestimation of the light microscopic values by 2.5 vol%. The interobserver variability with the light microscopic technique in 20 of the patients in the present study was 3.5%. Of importance, the determination of the volume fraction of myofibrils is not influenced by the myocardial cell length (which was not measured) because according to basic principles of morphometry, counting the number of points overlaying a certain structure (in this case myofibrils) permits quantitative determination of the volume of the structure under investigation in relation to the volume of the entire tissue (i.e. the intramyocyte space) within the boundaries of the grid. 12 Fibrous content (FC, g/m2) of the left ventricle was calculated as FC = LMMI x IF/100 where LMMI is left ventricular angiographic mass index (g/m2), and IF is percent interstitial fibrosis (%).
The endomyocardial biopsy samples obtained at catheterization are tiny, and the question arises how representative their structure is for the rest of the myocardium. In biopsy pairs obtained from patients with cardiomyopathies, Baandrup et a130 have reported a coefficient of variance for determining fiber diameter of 18.6% and for determining the volume fraction of interstitium of 28.9%. In patients with aortic valve disease, morphologic changes in the myocardium seem, however, more uniformly distributed over the whole ventricle,31 although some focal processes may occasionally occur.32 Moreover, variability due to sampling appears of less importance in the preoperative and postoperative comparisons because the biopsy specimens were removed from the same endocardial area before and after surgery. Control morphologic data for muscle fiber diameter, nonmuscular tissue (percent interstitial fibrosis), and volume fraction of myofibrils were obtained from left ventricular endomyocardial biopsy samples of five donor hearts at the time of heart transplantation. ,um, respectively) was smaller (p<0.05) at intermediate after surgery than before surgery ( Figure 1 ). In group 1, percent interstitial fibrosis (25.8 ± 8.7%) was greater (p <0.01) than before surgery; a slightly, but not significantly, increased percent interstitial fibrosis was observed in group 2 (23.7 ± 8.6%). In both groups, muscle fiber diameter and percent interstitial fibrosis remained significantly increased compared with the control patients (Figure 1 ). Volume fraction of myofibrils did not change intermediate after valve replacement in either group 1 (56.8±4.8%) or in group 2 (56.6±3.5%). Left ventricular fibrous content remained unchanged in group 1 (29.8± 11.0 g/m2), but in group 2, it was smaller (28.9 ± 8.4 g/m2) than before surgery (p < 0.05).
Ejection fraction and Vpm did not change intermediate after valve replacement, whereas muscle mass index determined by cineangiography was smaller (p < 0.001) in both groups than before surgery (Table 1, Figure 1 ). Peak systolic wall stress decreased significantly in both groups (p<0.001 andp<0.05).
Late postoperative evaluation. In group 1, muscle fiber diameter tended to increase slightly (28.7±4.4 ,um) late after surgery and, hence, was not different from the preoperative value (Figure 1 ).
In group 2, a further slight decrease to 26.4± 1.0 gm occurred (Figure 1) Tables 2 and 3, results of previous morphometric studies in patients with aortic stenosis10-13,15,16,35 and aortic insufficiency,10-14 all using glutaraldehyde for fixation, are summarized. Regression analysis from these studies between muscle fiber diameter and ejection fraction yielded a significant inverse correlation (Figure 4) , whereas no correlation existed between percent interstitial fibrosis and ejection fraction Figure 1 ). abnormalities occurs upon cessation of the stimulus to hypertrophy.23 Although one might expect beneficial effects of the late postoperative decrease of fibrous content on left ventricular systolic function, such influences could not be substantiated by our observations. Systolic left ventricular function as evaluated by ejection fraction and measured peak velocity of contractile element shortening was unchanged (Table 1) late after surgery compared with the value before surgery despite the reduction of the fibrous content. Because no correlation occurred at the preoperative evaluation between measures of left ventricular function and percent interstitial fibrosis from either the present investigation or based on the data from previous studies (Figure 5 ), the extent of interstitial fibrosis was probably insufficient to cause, by itself, a derangement of left ventricular systolic function. Alternatively, the decrease of left ventricular fibrous content might have influenced the pas- 
